A wavelength-tunable laser device has an active part com prising an active laser region for generating a laser emission with a predetermined emission wavelength, and a tuning part comprising a tuning region allocated to the active laser region and capable of tuning the emission wavelength of the laser light emitted by the active region. The active part is charged with a chronologically variable modulation current that controls the intensity of the emitted laser emission, and the tuning part is charged with an electrical tuning current for controlling the emission wavelength of the emitted laser light. The active part controls the intensity of the emitted laser light and the tuning part is charged With an electrical tuning current for controlling the emission wavelength of the emitted laser light. The tuning current that is Supplied to the tuning part and controls the emission wavelength of the emitted laser light is directly derived from the chronologi cally variable modulation current. Further, the tuning current directly derived from the chronologically variable modula tion current controls the tuning region acting on the active laser region Such that the emission wavelength of the emitted laser light is kept independent of the intensity of the modulation current, and is kept essentially at least approxi mately to a constant value. The invention is directed to a wavelength-tunable laser device having an active part comprising an active laser region for generating a laser emission with a predetermined emission wavelength and having a tuning part comprising a tuning region allocated to the active laser region capable of tuning the emission wavelength of the laser emission emit ted by the active region, whereby the active part is charged with a chronologically variable modulation current that controls the intensity of the emitted laser light, and the tuning part is charged with an electrical tuning current for controlling the emission wavelength of the emitted laser light. in what is referred to as the adiabatic chirp of the employed laser due to the dependency of the wavelength of the emission emitted by the laser on the modulation current applied to the laser for controlling the intensity of the emitted laser light. Previous attempts have been made to compensate or to minimize the undesirable range limitation occurring due to the chip behavior of the laser, first via Specific dispersion-compensating fibers that were attached at Specific locations in the transmission path and, second, by employing Specifically selected lasers that comprise a slight Spectral bandwidth under modulation. Both of the tech niques hitherto employed for compensating the effects on the range of an undesired frequency modulation due to chirp are complicated and correspondingly cost-unbeneficial. No particular techniques for eliminating these disadvantages were therefore undertaken in most applications; rather a limitation of the transmission range was accepted.
SUMMARY OF THE INVENTION
It is an object of the invention to make a wavelength tunable laser device available as a transmitter for an opto electronic transmission System that, given the least possible circuit-oriented expense, enables an at least approximately chirp-free transmission of optoelectronic data signals via light waveguides.
According to the invention, a wavelength-tunable laser device is provided having an active part and with an active laser region for generating a laser emission with a prede termined emission wavelength, and a tuning part having a tuning region allocated to the active laser region and capable of tuning the emission wavelength of the laser light emitted by the active region. The chronologically variable modula tion current is provided for controlling intensity of the emitted laser emission connected to the active part. An electrical tuning current is provided for controlling the emission wavelength of the emitted laser light connected to It is provided according to the invention that the tuning current Supplied to the tuning part and which controls the emission wavelength of the emitted laser light is derived from the chronologically variable modulation current. Adhering to the principle of the invention, it is provided that the tuning current directly derived from the chronologically Variable modulation current controls the tuning region acting on the active laser region Such that the emission wavelength of the emitted laser light is maintained independent of the intensity of the modulation current, and at least essentially approximately to a constant value.
According to the invention, the tunability is employed in order to compensate the undesired frequency modulation due to chirp. The adiabatic chirp of a laser is proportional to the applied modulation current, i.e. the frequency offset of the laser due to modulation of the active laser region is proportional to the applied current signal, so that the laser chirps. The frequency offset of the laser is likewise propor tional to the current applied to the tuning region. When both laser regions are driven with a signal corresponding to the applied modulation current, and taking the corresponding proportionality constant into consideration, then the chirp parts of the two laser regions compensate one another.
In a particular preferred embodiment of the invention, it can be provided that a differential amplifier circuit having two circuit branches coupled to one another is provided, whereby the one circuit branch of the differential amplifier circuit is allocated to the active part and carries the chro nologically variable modulation current for the direct modu lation of the active laser region, and the second circuit branch of the differential amplifier circuit is allocated to the tuning part and Supplies the tuning current derived directly from the modulation current. In an embodiment of the invention that is especially simple in terms of circuitry, it can be provided that the differential amplifier circuit comprises a first transistor allocated to the first circuit branch and a Second transistor allocated to the second circuit branch, whereby a control signal corresponding to the chronologi cally variable modulation current is adjacent at the control or base terminal of the first transistor, and the one electrode or emitter terminal of the Second transistor is coupled to the one electrode or emitter terminal of the first transistor, and the further electrode or collector terminal of the first transistor is allocated to the active part and the further electrode or collector terminal of the Second transistor is allocated to the tuning part.
Further features, advantages and practicalities of the invention derive from the following description of preferred exemplary embodiments with reference to the drawings. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Given the exemplary embodiments shown in the drawing, a wavelength-tunable Semiconductor laser diode 1 fabri cated on a Semiconductor Substrate of InP comprises an active part 2 with an active laser region 3 for generating a laser emission with a predetermined emission wavelength, and comprises a tuning part 4 having a tuning region 5. The active laser region 3 having a typical layer thickness of approximately 0.1 um is designed above a lattice layer 7 of the first order designed in a p-InGaAsP Semiconductor layer 10 and having a typical grid constant of approximately 240 nm, the lattice or grid 7 being arranged on a p-doped InP buffer layer 8. The tuning region 5 having a typical layer thickness of approximately 0.3 um is electronically decoupled from the active laser region 3 via an n-doped InP intermediate layer 9 that is typically approximately 0.1 um thick. The two semiconductor regions 3 and 5 are thus designed (in a known way) Such that the active laser region 3-after a chronologically variable modulation current has been applied, for example with a frequency of 10 GHz to an electrode 11-generates laser light with a predetermined emission wavelength, whereby the wavelength is variable within Specific limits, for example up to approximately 7 nm, on the basis of a tuning current of, typically, approxi mately 20 mA that is Supplied to the tuning region 5 via the electrode 12.
It is provided according to the invention that the tuning current I2 that is Supplied to the tuning part and which controls the emission wavelength of the emitted laser light is directly derived from the chronologically variable modu lation current I1 Such that the tuning region 5 acting on the active laser region 3 controls the latter Such that the emission wavelength of the emitted laser light is kept independent of the intensity of the modulation current I1 and is kept essentially at least approximately to a constant value. The tuning current I2 is thereby directly derived from the modu lation current I1 Such that the respective charge carrier densities in the two Semiconductor regions 3 and 5 are controlled in complementary fashion relative to one another in the modulation, So that the resulting optical properties of the resonator Volume do not change. In this way, the frequency modulation arising in the active laser region 3 dependent on the applied, chronologically variable modula tion current I1 is compensated, So that the chirp effects of the laser device 1 are eliminated. In a preferred circuit-oriented realization according to FIGS. 1 and 2, a differential ampli fier circuit 13 is provided for this purpose, this having two circuit branches 14 and 15 coupled to one another, whereby the one circuit branch 14 is allocated to the active part 2 and carries the chronologically variable modulation current for the direct modulation of the active laser region 3, and the second circuit branch 15 of the differential amplifier circuit 13 is allocated to the tuning part 4 and Supplies the tuning current I2 derived directly from the modulation current I1. In the illustrated exemplary embodiments, the differential amplifier circuit 13 has a first transistor 16 allocated to the first circuit branch 14 and a second transistor 17 allocated to the second circuit branch 15. A control signal 19 correspond ing to the chronologically variable modulation current I1 is adjacent at the control terminal 18 of the first transistor 16, whereby the emitter terminal 20 of the second transistor 17 is coupled to the emitter terminal 21 of the first transistor 16, and the collector terminal 22 of the first transistor 16 is allocated to the active part 2 and the collector terminal 23 of the Second transistor 17 is allocated to the tuning part 4. A current source 24 is allocated to the differential amplifier circuit 13. In practice, a predetermined, constant modulation Townsend current 25 is supplied to the active laser region 3 and a predetermined, constant tuning Townsend current 26 is Supplied to the tuning part 4. The modulation Townsend current or, respectively, the tuning Townsend current, can be Set to a respectively constant value in the desired way independently of the modulation current I1 or tuning current I2, and independently of one another. It is critical to the invention that the tuning current I2 Supplied to the tuning part 4 is directly derived from the chronologically variable modulation current I1. Particularly for the adaptation of different frequency dependencies of the active laser region 3 and of the tuning region 5, an equalizing element 27 can follow, this representing an attenuation element in the Sim plest case and, over and above this, potentially Serving for level matching of the tuning current with, under certain circumstances, an inversion of the operation Sine of the current. Quite generally, the equalizer element indicated with reference numeral 27 and which is illustrated as an electrical resistor merely for the purposes of the referencing can comprise the passive and active wiring parallel to the transistor 16 or 17, or parallel to the TTG laser diode 1 in order to compensate Static or dynamic differences of the current sensitivity of the two laser regions 3 and 5.
In the exemplary embodiment shown in FIG. 2 , a TTG laser diode with an active region and a tuning region lying above one another has been replaced by a two-section laser diode 1 wherein the active laser region 3 and the compen Sating tuning region 5 lie in Series with respect to the light propagation (longitudinal Sectioning). AS in the exemplary embodiment according to FIG. 1 , the resonator of the laser diode 1 itself can be designed with a DFB, DBR or with a Fabry-Perot arrangement.
Although various minor changes and modifications might be proposed by those skilled in the art, it will be understood that I wish to include within the claims of the patent warranted hereon all Such changes and modifications as reasonably come within my contribution to the art.
I claim as my invention: 1. A wavelength-tunable laser device, comprising: an active part having an active laser region for generating a laser light emission with a predetermined emission wavelength; a tuning part having a tuning region allocated to the active laser region and capable of tuning the emission wave length of the laser light emitted by the active region; a chronologically variable modulation current for control ling intensity of the emitted laser light emission con nected to the active part; an electrical tuning current for controlling the emission wavelength of the emitted laser light connected to the tuning part, the tuning current being directly derived from the chro nologically variable modulation current and a differential amplifier circuit having a first circuit branch for Supplying Said tuning current and a Second circuit branch for Supplying Said variable modulation current, the first and Second circuit branches being commonly connected at one end to a current Source So that the
Variations in the modulation current also appear in the tuning current but in opposite phase So that resulting optical properties of resonator Volume do not change and frequency modulation arising in the active laser region dependent on the variable modulation current is compensated. 2. A laser device according to claim 1 wherein the tuning current derived directly from the chronologically variable modulation current controls the tuning region acting on the active laser region Such that the emission wavelength of the emitted laser light is kept independent of the intensity of the modulation current and is kept essentially at least approxi mately at a constant value. S 3. A laser device according to claim 1 wherein the differential amplifier circuit is preceded by a current Source.
4. A laser device according to claim 1 wherein the active part is connected to a predetermined, constant modulation Townsend current and the tuning part is connected to a predetermined, constant tuning Townsend current.
5. A laser device according to claim 4 wherein the constant modulation Townsend current is separately Sup plied to the active part and the constant tuning Townsend current is Separately Supplied to the tuning part.
6. A laser device according to claim 1 wherein the tuning part is preceded by an equalizing element.
7. A laser device according to claim 1 wherein the active laser region of the active part and the tuning region of the tuning part are arranged in Series with one another with respect to a propagation direction of the emitted laser light. 11. A wavelength-tunable laser device, comprising: an active part having an active laser region for generating a laser light emission with a predetermined emission wavelength; a tuning part having a tuning region allocated to the active laser region and capable of tuning the emission wave length of the laser light emitted by the active region; a chronologically variable modulation current for control ling intensity of the emitted laser light emission con nected to the active part; an electrical tuning current for controlling the emission wavelength of the emitted laser light connected to the tuning part, the tuning current being directly derived from the chro nologically variable modulation current; a differential amplifier circuit with two circuit branches coupled to one another, the one circuit branch of the differential amplifier circuit being allocated to the active part and carrying the chronologically variable control Signal corresponding to the chronologically Variable modulation current being provided at the con trol ternminal of the first transistor, one electrode terminal of the Second transistor being coupled to one electrode terminal of the first transistor, and a further electrode terminal of the first transistor being allocated to the active part and a further electrode terminal of the Second transistor being allocated to the tuning part. 12. A wavelength-tunable laser device, comprising: an active part having an active laser region for generating a laser light emission with a predetermined emission wavelength; a tuning part having a tuning region associated with the active laser region and for tuning the emission wave length of the laser light emitted by the active region; a variable modulation current for controlling intensity of the emitted laser light emission connected to the active part, an electrical tuning current connected to the tuning part for controlling the emission wavelength of the emitted laser light; the tuning current being derived from the variable modul lation current; and a differential amplifier circuit having a first circuit branch for Supplying Said tuning current and a Second circuit branch for Supplying Said variable modulation current, the first and Second circuit branches being commonly connected at one end to a current Source So that the
Variations in the modulation current also appear in the tuning current but in opposite phase So that resulting optical properties of resonator Volume do not change and frequency modulation arising in the active laser region dependent on the variable modulation current is compensated.
